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• Purpose
This study seeks to identify the factors that are associated with the
digital transformation of microfinance institutions (MFIs).
• Design/methodology/approach
The study employs probit models to investigate the likelihood of inte-
grating digital solutions by MFIs and Heckman models for robustness
checks.
• Findings
The findings reveal that the adoption of these tools is consistent with
the social erformance of MFIs. Furthermore, the profitability of the
institutions and their home country development are associated with a
larger application of digital support solutions.
• Practical implication
The results imply that the adoption of digital solutions does not neces-
sarily harm the social performance of MFIs. In addition, the findings
may imply that financial sustainability can serve as being a preliminary
condition but must not lead to the mission drift of MFIs. Findings of
the study have implications for policy makers, donors and investors
who wish to accelerate the digital transformation within the microfi-
nance industry and to significantly boost financial inclusion. A focus
on more social-oriented MFIs can be an appropriate solution. Further-
more, the pathway to digital financial inclusion through microfinance
can be made more efficient if improved and supportive facilities as well
as systems for digital technology are available.
• Originality/value
This paper is the first one which highlights the relationship between
the MFI’s social performance and the application of digital solutions by
MFIs. Furthermore, we discuss this link while considering cost aspects.
• Research limitation/implication
Since the survey data collected is not longitudinal and does not
cover many MFIs, it may encounter the absence of comprehensive re-
sults. Moreover, the study is limited to supply-side incentive factors,
thus lacks of investigations under supply-demand interaction schemes.
Therefore, future studies are encouraged to fill up these knowledge gaps.
Keywords: Microfinance institutions, Fintech, Digital solutions, Social
performance, Digitization
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1 Introduction
In 2015, the United Nations General Assembly emphasized the importance of
sustainable development through the introduction of a plan of action, named
”Transforming our World: The 2030 Agenda for Sustainable Development”.
The Agenda comprises 17 Sustainable Development Goals (SDGs) aimed
at paving the way for the improvement of people’s lives in United Nations
member countries. Although the term financial inclusion is not explicitly
cited in the statement of United Nation’s 17 SDGs, it has been considered
to play a pivotal role in attaining several targets through this, for exam-
ple combating poverty, improving living standards, and promoting economic
growth (Ma’ruf and Aryani, 2019; Fu et al., 2017). In other words, SDGs
may only be achieved through some support of an inclusive financial sys-
tem. Therefore, financial inclusion has been placed in a priority position in
the development agenda of many countries (World Bank, 2018; Arun and Ka-
math, 2015). Although the financial inclusion concept is expressed differently
in words (World Bank, 2018; UNCDF, 2017; UNSGSA, 2018), it generally
refers to the affordable and sustainable access and use of appropriate finan-
cial services for all sections of the population. Its ultimate goal is to create
better opportunities and environment for finance.
However, low-income individuals may find it hard to overcome several bar-
riers in order to access to formal financial systems, especially the banking
system, due to their lack of collateral or low level of credit-worthiness. As
noted by Demirgüç-Kunt et al. (2018), the financing gap remains severe with
approximately 1.7 billion adults in possession of neither a financial insti-
tution nor mobile money account, which the poor mainly comprises. The
difference in terms of account ownership by gender remains significant, with
formal accounts of men accounting for 9% more than those of women in de-
veloping countries. Additionally, data from their study shows that 47% of
survey participants borrowed money in 2017 but only 11% of these borrowed
from financial institutions. Moreover, credit supply to small and microenter-
prises met less than half of the potential needs in the developing countries,
compared with the financial demand of 8.9 trillion US Dollars (Bruhn et al.,
2017). Thus, there is a great potential for the microfinance sector to sup-
port the goal of financial inclusion. Several theoretical and empirical studies
demonstrate the linkage between microfinance and financial inclusion (Mush-
taq and Bruneau, 2019; Mader, 2018; Brown et al., 2016).
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Given the social importance of financial inclusion and the MFI’s need of mov-
ing towards sustainable development, an investment in financial technology,
i.e. digital finance, is considered as an appropriate strategy in connection
with the MFI’s corporate social responsibility (CSR) strategy and business
model (Ashta, 2018). Digital finance, which is defined as being the applica-
tion of digital tools (solutions) for finance, not only promotes better customer
services but also encourages the effective operational management of MFIs.
Only a few decades ago, access to digital financial services, mobile banking or
electronic payments appeared to be impossible. Ritchie (2017) summarizes
data on the global trend toward adopting the technology until 2017. The
study shows impressive shreds of evidence on the explosion of mobile phone
and mobile money account adoption. While digital technology used to be
viewed as a comparatively expensive approach toward finance as a whole,
expecting the financially excluded population to adopt digital tools and ser-
vices appeared to some extent to be unrealistic and unfeasible, mainly with
respect to financial affordability. Yet with the rapid revolution of digital
technology and modern smart devices, digital finance has emerged as a new
way of delivering financial services and products efficiently and effectively.
The recent years have seen a dramatic change in not only policymakers’ and
financial institutions’ attention, but also in customers’ perception towards
digital finance (Pazarbasioglu et al., 2020). For example, M-PESA is one
of the most famous and successful experiences of integrating new fintech
apps to payment and lending services, which highlights the effort of deliv-
ering financial services to the formally unbanked population (Van Hove and
Dubus, 2019). Furthermore, the role of digital solutions in financial inclusion
is seen indirectly through the positive impacts on institutions’ operational
management. By incorporating digital tools into the business process, finan-
cial service providers can better manage risk and cost-related problems as
well as thoroughly analyze customer data and information (Wyman, 2017;
Pytkowska and Korynski, 2017).
Considered in its entirety, moving toward digital tools, when implemented
effectively and sustainably within the framework of appropriate regulation,
appears to be one of the important drivers for promoting not only faster
progress but also an efficient method toward attaining financial inclusion
(Yeow et al., 2017; Ghani et al., 2018; Vong and Song, 2015). Thus, exploring
the determinations of digital supporting solutions adoption is needed in order
to promote their diffusion. However, in contrast to the demand side, research
4
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on supply-side drivers, i.e. from financial service providers side, seem to be
lagged behind. Additionally, while there is a vast amount of literature which
focus on digital transformation in the banking system (Mbama and Ezepue,
2018; Shaikh et al., 2017; Jünger and Mietzner, 2020), little is known about
the underlying reasons that motivate MFIs toward their position within the
application of digital tools.
This paper is one of the first empirical ones to shed light on the digital
solutions adoption of MFIs. The discussion in the current study contributes
to the exploration of several factors that link with the application of digital
solutions by MFIs. Using a data set from a worldwide MFIs survey on
IT solutions and Rural lending, which was conducted by YAPU Solutions,
we test whether MFIs’ digital software adoption is related to MFI-specific
characteristics and macroeconomic factors. To be more specific, we examine
whether there is a relationship between the social mission of an MFI and
its decision to adopt digital tools. Furthermore, we investigate whether or
not the profitability of MFIs, measured by return on equity, is related to an
MFI’s digital solutions application. Finally, we explore to which extent the
economic development of the country in which an MFI is located is related
to the adoption of digital solutions of MFIs. The key findings of our article
show that the use of digital solutions is related to economic development, an
MFI’s profitability, and social performance.
The remainder of this paper is structured as follows: Section 2 highlights
the importance of digital solutions to microfinance in deepening financial
inclusion, identifies related and recent literature on the application of digi-
tal, and builds on the hypotheses. Section 3 presents the data source and
methodology used to investigate the proposed statements. The empirical
examinations and results are then explored in section 4. Finally, section 5
briefly summarizes the findings and discusses some potential future work.
5
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2 Theoretical background and hypotheses
2.1 Literature review on microfinance digital adoption
and social performance
MFIs are considered to have orientation on social responsibilities which are
beyond making financial benefits (Hudon and Sandberg, 2013; Mersland and
Strøm, 2010). Their primary intention is to serve the poor and unbanked with
small loans, which are frequently neglected by traditional banking systems.
The banking system might want to address their CSR towards these disad-
vantaged groups; however, providing such small loans with high transaction
costs goes against their business concept. Furthermore, under asymmetric
information, the problem of credit rationing can further make the poor find
it hard to access financial services. The existing body of literature has deeply
explored the social performance of MFIs. While there are an extensive num-
ber of studies devoted to the measurement of social performance (D’Espallier
and Goedecke, 2019; Beisland et al., 2020), the trade-off between social and
financial goals within MFIs provokes a heated debate and attracts the at-
tention of a large number of scholars and other stakeholders (Mersland and
Strøm, 2010; Dorfleitner et al., 2019). Academic research has also highlighted
considerable concerns towards the impacts and driving factors of social per-
formance (Hermes et al., 2011; Dorfleitner et al., 2017a). Furthermore, so-
cial responsibility initiatives of MFIs in connection with CSR strategy have
been documented by a number of academic papers (Allet and Hudon, 2015;
Chakrabarty and Bass, 2015; Okoe and Boateng, 2016). Based on the litera-
ture, it can be stated that the MFI’s social responsibilities, which represent
CSR strategy, are important and should be addressed appropriately. How-
ever, performing social responsibility through bringing financial services to
the vulnerable groups in the population is evidently a costly business process
(D’Espallier et al., 2013; Cull et al., 2018). Over the past decades, MFIs
have been struggling with finding and applying alternative business models
to reduce costs, accelerating greater outreach to remote areas, and quickly
and efficiently meeting customer financial requirements (Labie et al., 2011).
Mersland and Strøm (2012a) illustrate that while struggling with the man-
agement of high costs and low returns in delivering services to the poor, the
social performance of MFIs can remain unchanged. Therefore, MFIs that
address CSR need to tackle these issues.
6
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In response to these challenges, especially during the explosive digital era,
digital applications and other smart devices such as smartphones or tablets
have been increasingly deployed by MFIs to digitize core business opera-
tions, such as loan disbursement. Information and communication technology
(ICT) is illustrated as being one of the key pillars in the microfinance innova-
tion process toward becoming more mature and surviving in an increasingly
competitive environment (Kauffman and Riggins, 2012). The authors argue
that ICT is not only an important tool for the business operation of MFIs,
but also a motivation that forces a more competitive environment in the mi-
crofinance industry. Moreover, Vong and Song (2015) illustrate that mobile
service solutions do have positive impacts on lowering transaction and ad-
ministration costs of MFIs, which subsequently helps to reduce the lending
rate. From this perspective, both MFIs and their borrowers benefit from
the application of mobile technology. Pytkowska and Korynski (2017), in
their survey-based research, point out that even if MFIs are not fully digi-
tized, digital solutions have shown themselves to be helpful in some aspects
of their business processes. Otherwise, they would lose their competitiveness
to other digital credit providers, for example, mobile banking providers and
lending platforms. Yet, in the vast majority of MFIs, the existence of digital
solutions varies considerably. For example, MFIs in South Asia and Latin
America and the Caribbean tend to use more innovative mobile technology
in delivering financial services than their peers in other regions (Dorfleitner
et al., 2019). The possible explanation is the significant and fast growth of
mobile technology in these regions. Thus, the differences in the MFI’s digital
solution adoption need to be considered more intensively.
2.2 Hypotheses development
To build a sound theoretical framework from which we can derive some
testable hypotheses, we start with a basic equation for the profit P of an
MFI (Dorfleitner et al., 2020), namely
P = I − FE − LL−OE , (1)
where I represents the interest income (including fees), FE the financial
expenses, LL the loan losses and OE the operating expenses.
7
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Although digital solutions have proven to bring several benefits to financial
institutions such as a better delivery of financial services and cost efficiency
(Ivatury, 2009; Lee et al., 2021), it cannot be denied that the high upfront
cost of digital technology can be burdensome to many of them. To be more
specific, the process of integrating digital financial solutions frequently re-
quires a high amount of financial investment for planning, adapting the cur-
rent systems, and finding specialized experts to operate the new technology.
MFIs are not exempt from this phenomenon. Therefore, sufficient financial
resources are necessary for them to tackle this problem. It is well-known that
the yield from the gross loan portfolios is the main source of revenues as well
as finance of MFIs. To implement digital solutions, an MFI requires sufficient
financial support, which could come from the institution’s profits. This is
a first indication that those MFIs which exhibit a high level of profitability
could be more likely to employ digital solutions. To reach high profitability,
MFIs may either increase the interest rate or increase the size of their loan
portfolio or decrease their expenses.
Equation (1) provides more insights. On the one hand, transaction cost the-
ory posits that an institution’s economic efficiency is driven by economizing
costs related to transactions such as monitoring, controlling and managing
(Williamson, 1979). In the microfinance industry, the operating expense has
been found to be a crucial determinant f MFI’s lending rate (Dorfleitner
et al., 2013). The existing body of literature has shown that social-oriented
MFIs tend to exhibit high operating costs (Meyer, 2019), while cost-efficiency
should be one of the concerns of these institutions (Mersland and Strøm,
2010). To tackle this problem, digital solutions can play an important role
as a remedy to bring down the operating expense. Digital technology is per-
ceived to support organizations in managing their operations and business
model, which subsequently can lead to more cost-efficiency. As the costs re-
lated to the process, management and control of lending loans are relatively
fixed (per loan), the average operating cost per loan lowers with the decrease
of average fixed costs. Indeed, Dorfleitner et al. (2019) find a negative re-
lationship between operating expenses and the adoption of mobile financial
services, which are one special kind of digital financial services.
On the other hand, asymmetric information risks in the form of moral haz-
ard and adverse selection, which is demonstrated in Stiglitz and Weiss (1981,
1983), triggers severe problems in the credit market. Microfinance litera-
ture has also mentioned these issues in explaining the probability of default
8
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(McIntosh and Wydick, 2005; Dorfleitner and Oswald, 2016), which materi-
alizes in form of the variable LL in the equation. The major consensus is
that asymmetric information risks pose detrimental effects on the probability
of repayment and increase the loan loss rate of MFIs. Financial technologies,
such as digital credit scoring or cloud-based loan tracking systems, prove to
accelerate information sharing and acquisition (Benami and Carter, 2021).
Thus, MFIs can effectively manage their loan contracts and reduce the inci-
dents of loan loss, which subsequently increases their profit.
Furthermore, obviously the interest revenue I is positively related to the
number of loans, the charged interest rate and the average loan size. In
terms of profitability, digital solutions can help to increase the number of
loans along with a disproportionately low increase of OE. Besides the pure
financial aspects, the interest revenue also is associated with the social mis-
sion. Those MFIs with a high CSR might not want to raise the interest
rate or rely heavily on large-sized loans as this could negatively impact their
customers. To this end, digital solutions can also be utilized to provide more
loans without having to increase the loan size or the interest rate, which in
turn is an argument for a positive relation between social performance and
digital solutions.
More support for our argumentation can be derived from further empirical
literature. For instance, Amersdorffer et al. (2015) point out the importance
of financial self-sufficiency to balance social objectives. The authors provide
evidence in the case of Bulgarian agricultural credit cooperative and show
that only financially well-managed MFIs manifest a better social output.
This view is also examined by Beisland et al. (2020), who evidence that the
strong balance between the social and financial performance of MFIs can yield
a higher social rating. Several other studies find well-managed, cost-efficient
MFIs to have a better social performance, as positive changes in profitability
and financial sustainability could result from improved governance and finan-
cial management (Mersland and Strøm, 2009, 2012b; Ayayi and Sene, 2010;
Iqbal et al., 2019). Moreoever, Dorfleitner et al. (2019) provide proof that
social performance (measured by average loan size) is positively associated
with the MFI’s provision of mobile financial services. This suggests that dig-
itization and social missions can harmonize. The existing body of literature
also highlights the positive relationship between the application of digital
solutions and the managerial capability of financial institutions (Moro Vis-
conti and Quirici, 2014; Mora and Prior, 2018). Therefore, integrating digital
9
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solutions into the business model proves to be a promising solution to solve
the cost-related problems, which subsequently enables a higher level of prof-
itability as well as lower interest rates. Building on the literature, one can
expect that MFIs that are proficient at operational management will exhibit
better social performance and adoption of digital solutions. Furthermore,
digital technologies play a pivotal role in closing the gender gap with regard
to financial inclusion (Sioson and Kim, 2019). Thus, MFIs that focus on
female borrowers could also tend to be associated with the implementation
digital solutions.
To measure the social performance of MFIs, several concepts are introduced
in the literature. The percentage of female borrowers has been utilized as a
proxy for the social performance of MFIs in several previous articles (Dor-
fleitner et al., 2017b; D’Espallier et al., 2013; Hermes et al., 2011). According
to Morduch (1999) and D’Espallier et al. (2013), female borrowers have tra-
ditionally been perceived to constitute a large percentage of clients for the
majority of MFIs. Academic research has also shown that women clients are
associated with small loans, which require more effort and cost from MFIs in
terms of management (Hermes et al., 2011; D’Espallier et al., 2013). Accord-
ing to the fixed-costs-per-loan argument in the theoretical part, the costs
of organizing, processing and monitoring are frequently relatively high for
small loans. Thus, MFIs striving for social objectives by focusing on lending
to women are more likely to encounter the cost-efficiency problem. Another
frequently employed measure for the social performance of MFIs in the ex-
isting literature is the average loan balance (Hermes et al., 2011; Dorfleitner
et al., 2019), which is interpreted as follows: the lower this value, the poorer
the customers are. Thus, social-oriented MFIs, which lend more to the poor,
can suffer the problem of high transaction cost in providing loans of small
sums. As argued above, with digitization MFIs can more easily offer smaller
loans without sacrificing profitability.
Summarizing this discussion, we propose the following two hypotheses.
Hypothesis 1 (H1). The social performance of an MFI is positively related
to the likelihood of the adoption of digital solutions.
Hypothesis 2 (H2). The profitability of an MFI is positively related to the
likelihood of the adoption of digital solutions.
Note that when postulating these two hypotheses, we do not intend to refer
to causal relationships, which becomes apparent from the above discussion.
10
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The arguments rather express that the MFI’s better and more efficient man-
agement capabilities may foster digitization in order to achieve a better fi-
nancial and social performance. The lack of causal hypotheses should not be
a limitation of this research as our focus is to characterize the MFIs adopting
digital solutions by utilizing correlation analysis.
In addition to MFI-specific characteristics, country-specific and societal influ-
ences should be considered to explain differences between the MFIs’ digital
solutions adoption. As shown by Cámara (2018), the level of digitization,
which is measured by DiGiX index, is more likely higher in the developed
economies than their developing counterparts. Even though digital solutions
can positively impact the financial value chain activities (Pytkowska and Ko-
rynski, 2017), the integration of these tools requires the presence of sufficient
and stable infrastructure. Parada and Bull (2018) also argue that the in-
sufficiency and instability of infrastructures is one of the main reasons that
hinders the ability to adopt igital tools in Africa. As highlighted by Kumar
et al. (2010), many MFIs realize the importance of digitalization and show
their willingness to introduce new technology, i.e. mobile banking, but one
of the largest obstacles is the availability of the related infrastructure. Later
on, Ketterer (2017) also argues that insufficient infrastructure can lead to the
unwillingness in implementing digital finance due to the lack of connectivity.
This, however, appears to be notably prevalent in less developed countries
(Hinson et al., 2019). Furthermore, literature has shown that organizations
in more developed countries tend to engage more in CSR (Ali et al., 2017;
Bhatia and Makkar, 2019) and that digital technology addresses the firm’s
social challenges (George et al., 2020). Greater awareness of the competitive-
ness of digitization is also observed within MFIs located in more developed
countries (Pytkowska and Korynski, 2017). Thus, it is reasonable to put
forward the idea that digital innovation can be utilized more by MFIs in
developed economies as a means of CSR. From the above-mentioned discus-
sions, we conclude that MFIs in developed countries may be more likely to
adopt digital solutions because of their CSR advocate and the availability of
a supportive environment. Therefore, we propose the following hypothesis:
Hypothesis 3 (H3). The economic development of a country is positively
related to the likelihood of the adoption of digital solutions by MFIs.
11
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3 Data and methodology
3.1 Description of data and variables
In late 2017, an online survey which was conducted by YAPU Solutions, a
social fintech company, aimed at supporting financial institutions through
software services, was sent to microfinance institutions in various regions
globally. The questionnaire was dedicated to the use of IT solutions and rural
lending by MFIs and prepared using the Monkey survey platform. The email
with the link to the online survey was then distributed to MFIs initially in
November 2017, and was then followed by three reminder emails. By March
2018, the survey had finally been completed. The questionnaire was written
in the three most frequently spoken languages, namely English, Spanish,
and French, to acquire more interest and more responses from the surveyed
institutions. Several topics of interest were included in the survey, such as the
use of digital solutions, the perception toward rural and agriculture finance,
renewable energy and energy efficiency lending. Questions related to the
adoption of digital solutions were presented at the top of the survey. After
careful consideration, the number of consistent and reliable responses to the
survey is 150 MFIs. However, due to the availability of the institutions’
specific information obtainable from MIX Market database, we are only able
to utilize 105 questionnaires.
Mix Market database has been used as an important public source of data
regarding the profile information and financial performance of MFIs for many
studies in the microfinance field due to its transparency and availability of a
large amount of data (Dorfleitner et al., 2017b; D’Espallier et al., 2013; Allet
and Hudon, 2015, e.g.). This institutional database can be used to track
several finance- and accounting-related activities since it encompasses data
on assets, liabilities, revenues, costs, income, employees, end customers and
types of financial products. In 2015, there were over 1000 MFIs that reported
their annual financial performance data to MIX Market. From these, we
selected only those MFIs with realistic and consistent data, the reason being
that MFIs voluntarily publicize their financial performance data and profile
information to MIX Market. These reports often lack official authorized
audits, which in turn feasibly causes several unrealistic and contradictory
values to be viewed with caution.
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To tackle these problems, we exclude MFIs with the following criteria: per-
centage of female borrowers greater than 100%, gross loan portfolio smaller
than zero, or portfolio at risk larger than one, as for all three variables such
values are impossible and thus obviously erroneous. Further, we follow (Dor-
fleitner et al., 2019) and (Dorfleitner et al., 2020) and exclude MFIs with an
average loan balance per borrower greater than 15,000 US Dollars, as such a
high average value indicates a lack of focusing on microloans. Moreover, still
in line with the mentioned references, we exclude observations with a return
on assets ratio less than 1.5 or a nominal yield on gross loan portfolio greater
than one, as such values are regarded to be unrealistic.
Note that our empirical estimation, with Digital as a binary dependent vari-
able, is not intended for the study of the causality between the application of
digital solutions and an MFI’s performance, but rather to identifying charac-
teristics of MFIs’ integration of digital solutions. Therefore, following (Dor-
fleitner et al., 2019), lagged values for MFI-specific variables are employed.
We then merge our two adjusted data sets with macroeconomic data from
World Development Indicators and the G20 Financial Inclusion Indicators
database, which are both sourced from the World Bank data platform. The
resulting sample contains 984 MFIs which reported information to MIX Mar-
ket in 2015, 105 of which responded to the survey.
Detailed descriptions of the variables used in the study are presented in Table
1. Our dependent variable is the use of digital solutions Digital. We define
Digital as being the use of any digital software that contributes to the support
of various aspects of an MFI’s operation, such as data collection and/or
analysis, risk assessment, loan disbursement and/or monitoring. Dedicated
software solutions used by MFIs could be, inter alia, specialized desktop
software or software/Apps for tablets or smartphones. In the context of this
study, spreadsheet software is not treated as a digital tool in helping to define
the concept of modern movement towards digitalization. Our dependent
variable of interest is a binary variable that takes the value of 1 if MFIs do
apply digital solutions to their operational business activities and otherwise
0.
The MFI-specific explanatory variables indicate factors linked to the social
performance and the profitability of the MFIs. In the existing body of lit-
erature on the social performance of MFIs, the poverty of the customers is
measured through average loan balance because the smaller the average loan
13
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amount lending to customers, the poorer they are. Moreover, women are
frequently treated as being more financially vulnerable than men. Therefore,
a high ratio of female borrowers implies a deep outreach of an MFI, i.e.,
better social performance. Thus, the percentage of female borrowers and
average loan balance per borrower divided by GNI per capita (ALBGNI) are
employed to measure MFI social performance (see, for example, Dorfleitner
et al. (2017a), D’Espallier et al. (2013)). Although ESG indicators would be
a promising proxy for social performance, we cannot employ such metrics in
this paper.1 MFI profitability, which is represented by the return-on-equity
ratio, measures the ability to generate the profits of MFIs in comparison with
shareholder equity, with the intuition being the higher the better. ROE has
been a traditional proxy for profitability in previous studies (Abrar et al.,
2016; D’Espallier et al., 2017). The GDP per capita is employed to represent
the impact of macroeconomic factors.
We use MFI donations, write-off ratio (WOR), and percentage of rural loans
(Rural) as MFI-specific control variables. The Donations dummy takes the
value of 1 if the MFIs receive donations in the reference year and 0 other-
wise. WOR measures the proportion of loans that have been written off,
which is divided by the average gross loan portfolio. Finally, the variable
Rural is included to reflect the expectation that the greater the concentra-
tion on rural lending, the more interest in digital tools. The legal status of
MFIs can also influence the decision to adopt digital solutions. Therefore, a
set of dummy variables is included to manage the effect of the type of MFIs.
In particular, there are four different groups of the legal status of MFIs, in-
cluding Credit Union/Cooperative; Non-bank financial institutions (NBFI);
Non-government organizations (NGO), and the reference category Bank and
others.
As additional explanatory variables, we further include two macroeconomic
variables, namely the domestic credit distributed by the financial sector as a
percentage of GDP (DOMCRE ) and dispute resolution index, reflecting the
existence of dispute resolution mechanisms in the country (Dispute) in the
selection equation (see detailed definition in Table 1). According to Doumbia
(2016), the economic growth of a country is consistent with the development
1Our main source of MFI-level data comes from the MIX Market database, which is the
largest public data set. However, it does not contain information on the ESG performance
of MFIs. ESG indicators can be easily obtained for publicly listed companies, while there
are very few MFIs fulfilling this property.
14
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of the financial sector measured by the domestic credit by the financial sector
as a percentage of GDP. In addition, Kriese et al. (2019) show the positive
influence of dispute resolution mechanisms on the level of economic devel-
opment. Thus, it can be argued that the level of domestic credit by the
financial sector and dispute resolution mechanisms are indicators of the eco-
nomic growth of a country. Moreover, we expect MFIs with a higher level
of transparency to be more likely to disclose their viewpoint to our survey.
Therefore, the variable Diamonds, which represent the MIX Market rating
score on MFIs’ reports, is employed with three categories (Unrated, Low,
and High).
3.2 Methodology
As previously stated, our dependent variable, Digital is a binary variable that
takes two values, namely 0 and 1. Therefore, we run several probit regressions
with Eicker - Huber - White heteroskedastic - consistent standard errors in
order to estimate the effects of the social performance, the profitability of the
institution, and the level of the economic development of the country. The
following regression model is estimated:
y∗i = α + β1xi + β2ci + ε
yi =
{
1, if y∗i > 0
0, if y∗i ≤ 0
where y∗i is the latent continuous variable reflecting the use of digital so-
lutions by MFIs i. Meanwhile, yi is an observed dummy variable referring
to the adoption of digital solutions. It takes the value of 1 if an MFI em-
ploys digital tools and 0 otherwise. While β1 refers to the coefficient of the
hypothesis-related variables, the vector of variables, xi, consists of four inde-
pendent variables (see Table 1). A vector of control variables is denoted by
ci with β2 representing the coefficient for this vector, while ε is the error term
for the model. One of the limitations of our data set is the self-declaration of
the MFIs to MIX Market, which can lead to the problem of missing values
for several variables. For the reason that the number of MFIs who responded
15
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Table 1: Definition of variables
Variable Description
Digital Dummy variable indicates whether MFI uses IT solutions or not (exempt excel).
If yes, it takes the value of 1 and otherwise 0. IT solutions are: Specialized
desktop software; Software/App for tablets or smartphones in the field; Tablets
in the field, Smartphones in the field by MFIs.
Apps Dummy variable indicates whether MFI uses the following digital solutions or
not: Software/App for tablets or smartphones in the field; Tablets in the field,
Smartphones in the field by MFIs. If yes, it takes the value of 1 and otherwise
0.
Software Dummy variable indicates whether MFI uses Software/App for tablets or smart-
phones in the field or not. If yes, it takes the value of 1 and otherwise 0.
Answer Dummy variable refers to the response status of MFIs. It takes the value of 1 if
MFIs replied to the survey. Otherwise, it equals 0.
Age Indicator for the number of years institution has functioned as an MFI, as of
2017.
Assets (ln) Logarithm of total assets.
DTE Indicator for debt to equity ratio.
Yield (r) Indicator for yield of gross portfolio (real).
ROE Indicator for return on equity.
OEA Indicator for operating expense to total assets.
ALBGNI Indicator for average loan balance, obtained by dividing average loan balance
per borrower by gross national income per capita (GNI).
Female Indicator for the percentage of female borrowers.
GDPpc
(ln)
Logarithm of gross domestic products per capita of the country in which the
MFI is located.
WOR Indicator for write-off ratio.
PAR30 Indicator for portfolio at risk over 30 days, calculated by dividing sum of out-
standing balance, portfolio overdue 30 days and renegotiated portfolio to gross
loan portfolio.
Rural Indicator for the proportion of number of rural loans.
Donations Dummy variable that indicates whether or not the MFI received donations in
the year observed. It takes the value of 1 if the MFI obtained donations and
otherwise 0.
DOMCRE Indicator for domestic credit by the financial sector as percentage of GDP of the
country where MFI is located.
Dispute Indicator for the dispute resolution index reflecting the existence of formal inter-
nal and external dispute resolution mechanisms. (1) Internal mechanism indica-
tor: law or regulation setting standards for complaints resolution and handling
by financial institutions. (2) External mechanism indicator: System in place that
allows a customer to seek affordable and efficient recourse with a third party.
Diamonds Rating score of MFIs defined by MIX. It is categorized into 3 groups, namely Un-
rated (not ranked yet), Low (MFIs are ranked 1-3 diamonds), and High (ranked
4-5 diamonds). The reference category is Unrated.
Region Categorical variable for the geographical location of the MFI. The regions are
Africa and the Middle East and North Africa (MENA), East Asia and the Pa-
cific (EAP), Eastern Europe and Central Asia (EECA), Latin America and the
Caribbean (LAC), and South Asia. The reference category is Africa and MENA.
Type Categorical variable for the legal status of MFIs. There are MFIs of the type
Bank and Others, Credit Union/Cooperative, Non-bank financial institutions
(NBFI), and Non-government organizations (NGO). The reference category is
Bank and Others.
Note: Sources of data
Variables ”Digital” is derived from the survey on Rural Lending and IT Solutions.
Data for GDPpc and the variable ”DOMCRE” are collected from the World Development Indicators.
Data for the variable ”Dispute” is collected from G20 Financial Inclusion Indicators.
Data for all other variables are collected from the MIX Market database.
16
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to the survey is already very limited, mean imputation is employed as a tech-
nique to overcome the problem of missing values, i.e, the mean of observed
values of one variable is used to replace all the missing values of said variable.
The problem of bias due to sample selection may exist because of the inability
to obtain a perfect representative random sample, especially when selected
observations are impacted by the outcome of the interest, which then triggers
a bias of the estimated coefficients in the regressions (Heckman et al., 1998).
In our case, those MFIs which are already using digital tools or planning to
introduce digitization show more interest in responding to our survey. More-
over, respondents may intend to self-select their preferred options due to
the voluntary disclosure to the survey. Thus, inconsistent estimations could
arise. To address this issue, one of the most common approaches used in
research is the Heckman selection model (Tucker, 2010; Wu and Shen, 2013;
Lee et al., 2015). We run a Heckman two-part model with a separate probit
estimation for sample inclusion and maximum likelihood. The estimation of
a probit model for selection is initially included to investigate the probability
of MFIs responding to the survey. In this first step, Answer is our dependent
dummy variable, indicating whether or not MFIs have responded to the Yapu
solutions survey. Determinants employed in this paper include an MFI’s age,
the logarithm of total assets, the average loan balance to borrower divided
by GNI per capita, legal status as well as the domestic credit and dispute
resolution index of the reference country (see Table 1 for more details). After
controlling for the correction of selection bias, we are then able to proceed
with the estimation of determinants of the adoption of digital solutions by
MFIs. Under the condition that Answer takes the value of 1, we assess the
likelihood of the integration of digital solutions based on the set of explana-
tory variables described in Table 1. A p-value smaller than 0.05 of the Wald
test of independent equations indicates that the model is appropriate and
there is the presence of selection bias.
3.3 Descriptive statistics
Table 2 and Table 3 display the sample characteristics by the response status
and the use of digital solutions correspondingly. At first glance, one can see
that our sample reflects the diverse microfinance sector. In the data sample, a
predominance of MFIs from Latin America and the Caribbean can be found,
17
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accounting for a total of 34.55%. Moreover, MFIs of type NGO tend to be
active in answering the questionnaire with the proportion of the response
rate being higher than that of the rejection rate (47.62% compared with
27.87%). As expected, the higher the trustworthiness ranking of an MFI,
the more likely they are to participate in the survey. To be more specific,
the proportion of unrated MFIs in the responded group is less than half that
of those who are in the abstained group (7.62% in comparison to 18.32%).
Meanwhile, the statistics are more positive in the case of MFIs who have
high rating scores. The percentage of this type of MFIs is approximately
10% greater in the responded group than the non-responded one (56.19%
compared with 46.76%).
Regarding the characteristics of MFIs who are using and not using digi-
tal solutions, institutions located in LAC and South Asia tend to favor the
integration of digital solutions more than other regions. In terms of legal
status, MFIs of the type NGO exhibit more interest in digital solutions than
the other types with 51.09% of observations using these tools being NGOs.
Among the MFIs adopting digital solutions, institutions ranked high by MIX
Market show an over-representation, accounting for 57.61% of the observa-
tions.
Table 4 compares the descriptive statistics between respondents and non-
respondents. The results reveal that MFIs who responded to the survey
appear to be more mature in terms of age than their counterparts. No
significant difference regarding total assets can be ascertained between the
two groups of MFIs. The same holds true for the dispute resolution index.
Regarding the domestic credit variable, the statistics indicate that MFIs
located in countries with more developed financial markets appear to be more
interested in the survey than their counterparts. However, the difference in
the mean value is not notable.
Table 5 illustrates descriptive statistics for the explanatory variables related
to our estimations for MFIs with and without digital solutions. In line with
our assumption, MFIs that use digital solutions have a higher percentage of
female borrowers and lower average real yield on gross loan portfolio (0.7%
compared to 0.54% and 0.25% compared to 0.29%, respectively). Further-
more, institutions with the use of digital tools exhibit, on average, a higher
return on equity compared with those without digital solutions. These re-
sults allow us to make initial predictions for the significant impacts of the
18
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social performance and the profitability of MFIs in the regression analysis.
Table 6 depicts the correlation coefficients between independent variables.
At first glance, we observe various significant correlations between explana-
tory variables in the table. According to this, no multicollinearity problems
should arise from the observed correlations, which are below 0.34 with re-
spect to absolute values. The only exception is the correlation between the
variable OEA and Yield (r), which is, however, not used simultaneously in
our regressions.
Table 2: Frequency table by response status
No Yes Total
Obs % Obs % Obs %
Region
Africa and MENA 202 22.98 23 21.90 225 22.87
EAP 114 12.97 15 14.29 129 13.11
EECA 118 13.42 13 12.38 131 13.31
LAC 306 34.81 34 32.38 340 34.55
South Asia 139 15.81 20 19.05 159 16.16
Type
Bank and others 180 20.48 10 9.52 190 19.31
Credit
Union/Cooperative
121 13.77 10 9.52 131 13.31
NBFI 333 37.88 35 33.33 368 37.40
NGO 245 27.87 50 47.62 295 29.98
Diamonds
Unrated 161 18.32 8 7.62 169 17.17
Low 307 34.93 38 36.19 345 35.06
High 411 46.76 59 56.19 470 47.76
N 879 105 984
4 Empirical results
Determinants of the digital solution adoption of MFIs
This section discusses the results obtained from estimating the above equa-
tion using a probit model with robust standard errors. In Table 7, while
19
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Table 3: Frequency table by the use of digital solutions
No Yes Total
Obs % Obs % Obs %
Region
Africa and MENA 4 30.77 19 20.65 23 21.90
EAP 2 15.38 13 14.13 15 14.29
EECA 3 23.08 10 10.87 13 12.38
LAC 3 23.08 31 33.70 34 32.38
South Asia 1 7.69 19 20.65 20 19.05
Type
Bank and others 3 23.08 7 7.61 10 9.52
Credit
Union/Cooperative
2 15.38 8 8.70 10 9.52
NBFI 5 38.46 30 32.61 35 33.33
NGO 3 23.08 47 51.09 50 47.62
Donations
No 7 53.85 59 64.13 66 62.86
Yes 6 46.15 33 35.87 39 37.14
Diamonds
Unrated 1 7.69 7 7.61 8 7.62
Low 6 46.15 32 34.78 38 36.19
High 6 46.15 53 57.61 59 56.19
N 13 92 105
20
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Table 4: Descriptive statistics of metric variables by response status
No Yes Total
Mean SD Mean SD Mean SD
Age 19.41 10.35 20.57 9.28 19.53 10.25
Assets (ln) 16.41 2.15 16.50 1.89 16.42 2.12
DTE 3.51 8.68 4.34 4.14 3.60 8.32
GLP (ln) 16.07 2.24 16.21 2.00 16.08 2.21
Female 0.65 0.23 0.68 0.23 0.65 0.23
ALBGNI 0.59 1.18 0.44 0.53 0.58 1.12
Yield (r) 0.27 0.17 0.26 0.14 0.26 0.17
ROE 0.06 0.31 0.07 0.27 0.06 0.30
OEA 0.18 0.13 0.18 0.11 0.18 0.13
PAR30 0.07 0.10 0.07 0.13 0.07 0.11
GDPpc (ln) 7.84 0.95 7.67 0.89 7.83 0.94
DOMCRE 50.86 27.70 51.12 26.54 50.89 27.57
WOR 0.02 0.04 0.02 0.02 0.02 0.04
Rural 0.52 0.27 0.58 0.26 0.52 0.27
Dispute 0.77 0.34 0.72 0.35 0.76 0.35
Observations 879 105 984
21
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Table 5: Descriptive statistics of metric variables by the the use of digital
solutions
No Yes Total
Mean SD Mean SD Mean SD
Age 16.92 7.42 21.09 9.44 20.57 9.28
Assets (ln) 15.79 1.96 16.60 1.87 16.50 1.89
DTE 6.01 5.47 4.10 3.90 4.34 4.14
GLP (ln) 15.51 1.94 16.31 2.00 16.21 2.00
Female 0.54 0.18 0.70 0.23 0.68 0.23
ALBGNI 0.73 0.63 0.40 0.50 0.44 0.53
Yield (r) 0.29 0.14 0.25 0.14 0.26 0.14
ROE -0.08 0.42 0.09 0.24 0.07 0.27
OEA 0.21 0.15 0.18 0.10 0.18 0.11
PAR30 0.12 0.15 0.06 0.12 0.07 0.13
GDPpc (ln) 7.19 0.75 7.74 0.89 7.67 0.89
DOMCRE 30.18 19.35 54.08 26.16 51.12 26.54
Dispute 0.49 0.36 0.75 0.34 0.72 0.35
WOR 0.02 0.03 0.02 0.02 0.02 0.02
Rural 0.59 0.16 0.58 0.28 0.58 0.26
Observations 13 92 105
Table 6: Correlation - imputed data
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.Age 1.00
2.Assets (ln) 0.30∗∗∗ 1.00
3.DTE 0.11∗∗∗ 0.16∗∗∗ 1.00
4.Female −0.01 −0.09∗∗∗ 0.00 1.00
5.ALBGNI −0.04 0.15∗∗∗ 0.05 −0.28∗∗∗ 1.00
6.Yield (r) −0.21∗∗∗−0.19∗∗∗−0.06∗ 0.12∗∗∗−0.15∗∗∗ 1.00
7.ROE 0.07∗∗ 0.13∗∗∗−0.02 0.11∗∗∗ 0.01 −0.01 1.00
8.OEA −0.25∗∗∗−0.31∗∗∗−0.12∗∗∗ 0.14∗∗∗−0.16∗∗∗ 0.77∗∗∗−0.22∗∗∗ 1.00
9.GDPpc (ln) 0.17∗∗∗ 0.09∗∗∗ 0.04 −0.07∗∗−0.25∗∗∗ 0.25∗∗∗ 0.02 0.16∗∗∗ 1.00
10.DOMCRE 0.05 0.01 0.03 0.27∗∗∗−0.13∗∗∗−0.23∗∗∗ 0.10∗∗∗−0.17∗∗∗ 0.18∗∗∗ 1.00
11.Dispute 0.17∗∗∗ 0.10∗∗∗ 0.07∗∗ 0.05∗ −0.19∗∗∗ 0.09∗∗∗ 0.01 0.08∗∗ 0.34∗∗∗−0.06∗∗ 1.00
12.PAR30 0.01 −0.08∗∗−0.06∗∗−0.26∗∗∗ 0.01 −0.02 −0.12∗∗∗ 0.09∗∗∗ 0.02 −0.13∗∗∗ 0.00 1.00
13.WOR −0.07∗∗−0.01 −0.02 −0.03 −0.04 0.32∗∗∗−0.13∗∗∗ 0.29∗∗∗ 0.13∗∗∗−0.07∗∗ 0.06∗ 0.11∗∗∗ 1.00
14.Rural −0.01 −0.05 0.02 0.17∗∗∗−0.11∗∗∗−0.16∗∗∗ 0.06∗ −0.14∗∗∗−0.16∗∗∗ 0.14∗∗∗−0.14∗∗∗−0.07∗∗−0.09∗∗∗ 1.00
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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model specifications (1), (2), and (3) focus on different characteristics of
MFIs separately, the model specification (4) displays the full model with all
the explanatory variables. The model specification (5) presents the regres-
sion results for the Heckman model. All regressions are investigated with the
inclusion of the entire control variables mentioned above.
The coefficients of the debt to equity ratio show a significantly negative sign
in the model specification (1) and (4), indicating that MFIs that depend less
on external sources of funding tend to utilize digital solutions. The models
also reveal that with the increasing size of the MFIs, which is measured by to-
tal assets, the probability of employing digital solutions also increases as the
coefficients reveal themselves to be significant and positive at the 5% level in
the two models. This finding is consistent with the previous literature on the
impact of economies of scale on the introduction of financial technology sup-
port solutions (Pytkowska and Korynski, 2017). A lack of funding resources
is one of the barriers that prevents the application of software solutions. For
the coefficient of the age of MFIs, a positive but insignificant sign can be
observed in both models, which implies that there is no clear effect on the
adoption of digital solutions.
The regression results in columns (2) and (4) show that our hypothesis related
to the correlation between the social performance of MFIs and the adoption
of digital solutions (H1) is supported. First, the significance and positive sign
of the coefficients suggest that MFIs that foc s on lending to women tend to
integrate digital solutions into their business. One possible interpretation for
the significant relationship between the percentage of female borrowers and
the likelihood of adopting digital solutions may be attributed to the explicit
social orientation of the microfinance sector. Although microfinance is con-
sidered as an effective tool in poverty alleviation (Quinones and Remenyi,
2014), the impact on women empowerment or higher income still remains
unclear (Brau and Woller, 2004; Banerjee et al., 2015). Therefore, a new ap-
proach to the microfinance business model which can create more benefits for
female customers is necessary. Under these circumstances, digital technology
can serve as an effective solution that will bring women empowerment. Al-
though the effects of the average loan balance prove to be insignificant, the
negative sign of coefficients provides no evidence of the mission drift of MFIs
related to the application of digital solutions. Therefore, it is quite clear that
those MFIs which strive for better outreach are more likely to engage in the
application of IT solutions.
23
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Furthermore, we detect significant evidence of the impact of the yield on
gross loan portfolios on an MFI’s digital solution adoption. The coefficients
remain negative and are significant in both specifications, suggesting that
the utilization of digital solutions does not necessarily need to be related to
a heavier burden on customers through increasing financial revenues, i.e, a
higher interest rate. Despite the high upfront costs of implementing digital
solutions, we suppose that MFIs are able to handle this problem with the out-
side source of finance rather than raising interest rates which would, in turn,
harm their social goals. According to (Hudon and Traca, 2011), subsidies
prove to be an effective outside source of finance that positively influence
the efficiency of MFIs. Furthermore, it is empirically evidenced that high
interest rates are associated with unsubsidized MFIs in African and Asian
(D’Espallier et al., 2013). Hence, we argue that the relationship between a
low portfolio yield and the adoption of digital software may be linked to the
existence of subsidies. Furthermore, as previously mentioned in the above
discussion on the relationship between stakeholder theory and CSR strategy,
MFIs that prioritize the demand of their low-income customers can benefit
from digital initiatives in the sense of a better delivery of financial services
to their customers, especially to those living in remote and rural areas. Al-
together, we can support the argument that there is a positive relationship
between the MFI’s social performance and the utilization of digital solutions.
Regarding H2, we only find weak evidence in favor of this hypothesis. The
indicated results in regressions (2) and (4) reveal the significant effects of
returns at the 10% level. The positive relatio ship between the variable
(ROE ) and the MFI’s intention of adopting digital solutions implies that
MFIs with digital solutions can exhibit higher returns. These outcomes are
consistent with our hypothesis H2, which leads us to the conclusion that
more profitable MFIs are more likely to adopt digital tools. Next, we discuss
the findings concerning the effect of economic development (H3). We find
supporting evidence for H3. As illustrated in the model specification (3) and
(4), the coefficients of the variable GDPpc (ln) possess the expected positive
sign, which validates the assumption that economic development influences
the adoption of digital solutions. This provides a sound reason in favor of the
argument that a higher level of development provides positive role mod ls to
the integration of digital solutions.
24
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Heckman two-stage estimations
As discussed above, our regressions may suffer from the problem of selection
bias, which can trigger inconsistent results. This is due to the nature of the
survey since MFIs are not obligated to respond to the survey. Those MFIs
that are unobservable in our analysis have a negative effect on the error
term. Therefore, a Heckman selection model with Answer as the binary
dependent variable in the selection stage is further employed to overcome
this problem. In addition to the explanatory variables included in the main
model, namely Age, Assets, ALBGNI, and type of MFIs, we further include
two macroeconomic variables, which control for the country-level effects, i.e.,
DOMCRE and Dispute (see Table 1).
As shown in column (5), the results confirm our hypotheses-related findings
with the level of significance largely remaining unchanged. We observe a
slight change to 10% in the significance of the coefficient for the variable
of the percentage of female borrowers. However, the sign of the correlation
remains positive. Furthermore, we find our prediction on the difference in the
response rate among types of MFIs to be true. To be more specific, we depict
a strong and positive association between MFIs of the type NGO and the
likelihood of participating in the survey. Moreover, there is no relationship
between the percentage of domestic credit to GDP and the possibility of a
response.
Robustness checks
To test for the strength and validity of our results, we further conduct sev-
eral robustness tests by modifying the specification of the regressions (see
Table 8) and by employing different measures for digital solutions (see Table
13). First, the results illustrated in Table 8 show slight differences. To be
more specific, we examine the robustness of the models in the absence of the
variable Female (model specification (2) and (5)). In comparison with our
baseline models (model specification (1) and (4)), it is interesting to observe
the negative and significant relationship between ALBGNI and the introduc-
tion of digital solutions, which means the lower the average loan balance the
higher the probability of introducing digital solutions. Since both of these
variables are good proxies for an MFI’s social performance, this observation
25
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Table 7: Estimation results
Probit model Heckman model
(1) (2) (3) (4) (5)
Digital Answer
Age 0.014 0.000 −0.001 0.002
(0.022) (0.025) (0.003) (0.006)
Assets (ln) 0.236∗∗ 0.342∗∗ 0.028 0.025
(0.099) (0.139) (0.017) (0.030)
DTE −0.065∗ −0.120∗∗∗ −0.019∗∗
(0.036) (0.034) (0.008)
ALBGNI −0.378 −0.391 −0.064 −0.102
(0.240) (0.308) (0.058) (0.080)
Female 1.624∗∗ 2.654∗∗∗ 0.295∗
(0.739) (0.939) (0.155)
Yield (r) −3.246∗∗ −4.908∗∗∗ −0.659∗∗∗
(1.325) (1.454) (0.238)
ROE 2.045∗ 1.726∗ 0.238∗
(1.068) (1.024) (0.127)
GDPpc (ln) 0.376∗ 0.551∗∗ 0.084∗∗
(0.193) (0.262) (0.043)
Donations −0.301 −0.137 −0.147 0.409 0.000
(0.360) (0.364) (0.408) (0.469) (0.064)
WOR −5.134 12.734 −6.369 15.680∗ 1.468
(6.501) (10.248) (6.577) (8.285) (1.271)
Rural 0.057 −0.085 −0.036 0.256 0.022
(0.586) (0.531) (0.557) (0.660) (0.086)
MFI type
Credit Union/Cooperative 0.900 1.070∗ 0.425 2.246∗∗∗ 0.267∗ 0.167
(0.708) (0.605) (0.650) (0.832) (0.161) (0.234)
NBFI 0.772 0.834 0.679 1.459∗∗ 0.281∗∗ 0.243
(0.523) (0.512) (0.484) (0.611) (0.123) (0.186)
NGO 1.455∗∗ 1.184∗∗ 1.190∗∗ 1.617∗∗ 0.351∗∗∗ 0.602∗∗∗










Observations 105 105 105 105 105 984
Pseudo R2 0.180 0.232 0.135 0.384
Model specifications (1)-(4) are probit model with Digital as dependent variable. Model (5) presents the
results of Heckman estimations with Answer and Digital being dependent variables in the first and second
stage of the Heckman model, respectively. Variables are defined in Table 1.
Standard errors in parentheses: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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again supports hypothesis H1. Furthermore, the robustness tests display
a significant and negative relation between portfolio yields and an MFI’s
adoption of digital supporting solutions, confirming the argument that MFIs
can utilize digital solutions while keeping low interest rates. These findings
confirm our evidence concerning the relationship between an MFI’s social
performance and the adoption of digital tools (H1). To investigate whether
institutions using digital solutions have lower operating expenses, we addi-
tionally run estimations for which OEA is added as an explanatory variable
(model specification (3) and (6)). The coefficients of interest show nega-
tive signs that are significant at the 5% level, suggesting that MFIs that are
good at controlling their expenses tend to engage more frequently in digital
solutions.
Second, we use two alternative digital solutions proxies, namely the vari-
ables Apps and Software (see Table 1 for detailed definitions). Descriptive
statistics through the use of Apps and Smartphones are provided in Table
9 through Table 12. The regression results are shown in Table 13. In-
deed, we find no significant changes in the relationship between the variable
Female and our dependent variables. In other words, MFIs with better so-
cial performance are more likely to be involved in the use of digital tools,
confirming the robustness of our results when using different measures for
digital solutions. Furthermore, the results illustrate the absence of signifi-
cant coefficients among the variables ROE, Yield and GDPpc (ln) and the
two dependent variables of interest. One possible explanation for this is that
in the case of more advanced digitized products such as apps/software for
tablets or smartphones in the fields, performance risks or the resources for
the adoption becomes less important (Kim et al., 2017).
5 Conclusion
Although the remarkable innovation in digitizing microfinance as a whole
and its important role in financial inclusion are increasingly gaining the at-
tention of scholars and policymakers, this area of research appears to remain
under-documented. The purpose of the article is to unveil the global trends
regarding the adoption of digital solutions in the microfinance sector and to
understand the factors that are related to the digitization of MFIs. With the
27
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Table 8: Robustness tests for Digital solutions
Probit model Heckman model
(1) (2) (3) (4) (5) (6)
Digital Answer Digital Answer Digital Answer
Age 0.000 0.002 0.003 −0.001 0.002 −0.001 0.003 −0.001 0.002
(0.025) (0.023) (0.024) (0.003) (0.006) (0.003) (0.006) (0.003) (0.006)
Assets (ln) 0.342∗∗ 0.290∗∗ 0.300∗∗ 0.028 0.025 0.033∗ 0.026 0.028 0.026
(0.139) (0.121) (0.133) (0.017) (0.030) (0.018) (0.030) (0.018) (0.030)
DTE −0.120∗∗∗−0.096∗∗∗−0.091∗∗ −0.019∗∗ −0.018∗∗ −0.017∗
(0.034) (0.037) (0.037) (0.008) (0.008) (0.009)
ALBGNI −0.391 −0.621∗∗ −0.284 −0.064 −0.102 −0.118∗ −0.106 −0.054 −0.101
(0.308) (0.290) (0.296) (0.058) (0.080) (0.064) (0.081) (0.059) (0.080)
Female 2.654∗∗∗ 2.420∗∗ 0.295∗ 0.319∗∗
(0.939) (0.945) (0.155) (0.153)
Yield (r) −4.908∗∗∗−3.928∗∗∗ −0.659∗∗∗ −0.621∗∗
(1.454) (1.444) (0.238) (0.243)
OEA −4.456∗∗ −0.662∗∗
(2.197) (0.287)
ROE 1.726∗ 1.570∗ 0.527 0.238∗ 0.281∗∗ 0.120
(1.024) (0.831) (0.726) (0.127) (0.116) (0.112)
GDPpc (ln) 0.551∗∗ 0.363 0.503∗ 0.084∗∗ 0.049 0.080∗
(0.262) (0.225) (0.268) (0.043) (0.036) (0.044)
Donations 0.409 0.220 0.276 0.000 −0.021 0.001
(0.469) (0.403) (0.484) (0.064) (0.062) (0.067)
WOR 15.680∗ 10.327 11.907 1.468 1.194 1.341
(8.285) (6.728) (8.921) (1.271) (1.208) (1.252)
Rural 0.256 0.159 0.288 0.022 0.019 0.026




2.246∗∗∗ 1.503∗∗ 1.905∗∗ 0.267∗ 0.167 0.215 0.164 0.251 0.168
(0.832) (0.649) (0.836) (0.161) (0.234) (0.159) (0.235) (0.169) (0.234)
NBFI 1.459∗∗ 1.248∗∗ 1.177∗∗ 0.281∗∗ 0.243 0.268∗∗ 0.243 0.254∗∗ 0.244
(0.611) (0.544) (0.530) (0.123) (0.186) (0.131) (0.187) (0.125) (0.186)
NGO 1.617∗∗ 1.564∗∗ 1.491∗∗ 0.351∗∗∗ 0.602∗∗∗ 0.368∗∗ 0.607∗∗∗ 0.341∗∗ 0.605∗∗∗
(0.720) (0.673) (0.636) (0.134) (0.199) (0.144) (0.199) (0.134) (0.199)
DOMCRE −0.003 −0.004∗ −0.003
(0.002) (0.002) (0.002)
Dispute −0.343∗∗ −0.356∗∗ −0.338∗∗
(0.159) (0.159) (0.159)
Diamonds
Low 0.331∗ 0.325∗ 0.324∗
(0.184) (0.182) (0.186)
High 0.384∗∗ 0.380∗∗ 0.376∗∗
(0.181) (0.179) (0.183)
Observations 105 105 105 105 984 105 984 105 984
Pseudo R2 0.384 0.316 0.332
Variables are defined in Table 1.
Standard errors in parentheses: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 9: Frequency table by the use of Apps
No Yes Total
Obs % Obs % Obs %
Region
Africa and MENA 16 27.59 7 14.89 23 21.90
EAP 7 12.07 8 17.02 15 14.29
EECA 9 15.52 4 8.51 13 12.38
LAC 18 31.03 16 34.04 34 32.38
South Asia 8 13.79 12 25.53 20 19.05
Type
Bank and others 6 10.34 4 8.51 10 9.52
Credit Union/Cooperative 7 12.07 3 6.38 10 9.52
NBFI 19 32.76 16 34.04 35 33.33
NGO 26 44.83 24 51.06 50 47.62
Diamonds
Unrated 7 12.07 1 2.13 8 7.62
Low 23 39.66 15 31.91 38 36.19
High 28 48.28 31 65.96 59 56.19
N 58 47 105
Table 10: Frequency table by the use of Software
No Yes Total
Obs % Obs % Obs %
Region
Africa and MENA 17 23.94 6 17.65 23 21.90
EAP 11 15.49 4 11.76 15 14.29
EECA 10 14.08 3 8.82 13 12.38
LAC 23 32.39 11 32.35 34 32.38
South Asia 10 14.08 10 29.41 20 19.05
Type
Bank and others 7 9.86 3 8.82 10 9.52
Credit Union/Cooperative 8 11.27 2 5.88 10 9.52
NBFI 24 33.80 11 32.35 35 33.33
NGO 32 45.07 18 52.94 50 47.62
Diamonds
Unrated 7 9.86 1 2.94 8 7.62
Low 27 38.03 11 32.35 38 36.19
High 37 52.11 22 64.71 59 56.19
N 71 34 105
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Table 11: Descriptive statistics of metric variables by the use of Apps
No Yes Total
Mean SD Mean SD Mean SD
Age 18.55 8.50 23.06 9.69 20.57 9.28
Assets (ln) 15.76 1.57 17.42 1.86 16.50 1.89
DTE 4.18 4.32 4.53 3.94 4.34 4.14
Female 0.61 0.23 0.76 0.20 0.68 0.23
ALBGNI 0.53 0.62 0.32 0.36 0.44 0.53
Yield (r) 0.25 0.13 0.27 0.16 0.26 0.14
OEA 0.18 0.11 0.18 0.11 0.18 0.11
ROE 0.03 0.24 0.12 0.30 0.07 0.27
GDPpc (ln) 7.55 0.95 7.82 0.79 7.67 0.89
DOMCRE 46.96 26.75 56.26 25.65 51.12 26.54
Dispute 0.69 0.35 0.75 0.36 0.72 0.35
WOR 0.02 0.03 0.02 0.02 0.02 0.02
Rural 0.58 0.26 0.58 0.27 0.58 0.26
Observations 58 47 105
Table 12: Descriptive statistics of metric variables by the use of Software
No Yes Total
Mean SD Mean SD Mean SD
Age 19.46 9.07 22.88 9.44 20.57 9.28
Assets (ln) 16.10 1.73 17.34 1.96 16.50 1.89
DTE 4.48 4.71 4.03 2.59 4.34 4.14
Female 0.63 0.23 0.77 0.20 0.68 0.23
ALBGNI 0.48 0.57 0.34 0.40 0.44 0.53
Yield (r) 0.25 0.14 0.26 0.16 0.26 0.14
OEA 0.18 0.11 0.18 0.11 0.18 0.11
ROE 0.06 0.30 0.09 0.20 0.07 0.27
GDPpc (ln) 7.63 0.92 7.76 0.84 7.67 0.89
DOMCRE 48.91 27.33 55.74 24.57 51.12 26.54
Dispute 0.70 0.36 0.76 0.33 0.72 0.35
WOR 0.02 0.03 0.02 0.02 0.02 0.02
Rural 0.59 0.25 0.57 0.29 0.58 0.26
Observations 71 34 105
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Table 13: Robustness checks: Analyzing with different measures of Digital
Solutions
Probit model Heckman model
(1) (2) (3) (4) (5) (6)
Dependent variable Apps Software Apps Answer Software Answer
Age 0.014 0.016 0.003 0.003 0.004 0.002 0.000 0.002
(0.020) (0.018) (0.019) (0.018) (0.006) (0.006) (0.006) (0.006)
Assets (ln) 0.526∗∗∗ 0.481∗∗∗ 0.296∗∗∗ 0.299∗∗∗ 0.117∗∗∗ 0.024 0.086∗∗∗ 0.025
(0.110) (0.099) (0.085) (0.083) (0.022) (0.030) (0.023) (0.030)
DTE −0.002 0.026 −0.037 −0.021 0.002 −0.009
(0.038) (0.036) (0.034) (0.032) (0.011) (0.009)
ALBGNI −0.454 −0.954∗∗ −0.147 −0.505 −0.112 −0.092 −0.047 −0.091
(0.315) (0.403) (0.311) (0.340) (0.086) (0.078) (0.091) (0.077)
Female 2.588∗∗∗ 1.954∗∗ 0.705∗∗∗ 0.577∗∗∗
(0.779) (0.791) (0.197) (0.217)
Yield (r) 1.850 1.609 0.552 0.571 0.337 0.172
(1.291) (1.219) (1.036) (1.050) (0.274) (0.319)
ROE −0.209 0.196 −0.482 −0.244 −0.027 −0.148
(0.561) (0.547) (0.518) (0.507) (0.155) (0.165)
GDPpc (ln) 0.105 −0.151 0.026 −0.175 0.058 0.021
(0.215) (0.183) (0.205) (0.180) (0.055) (0.057)
Donations 0.420 0.259 0.040 −0.091 0.134 0.025
(0.365) (0.329) (0.337) (0.317) (0.096) (0.103)
PAR30 −0.019 −1.048 −0.474 −1.290 −0.050 −0.041
(1.436) (1.674) (1.464) (1.770) (0.293) (0.282)
WOR −4.048 −4.082 −0.428 −1.933 −0.786 −0.431
(7.416) (6.429) (5.984) (5.813) (1.722) (1.750)
Rural −0.510 −0.516 −0.464 −0.476 −0.057 −0.095
(0.591) (0.587) (0.546) (0.544) (0.168) (0.172)
MFI Type
Credit Union/Cooperative 0.991 0.542 0.384 0.130 0.260 0.166 0.172 0.171
(0.774) (0.769) (0.714) (0.706) (0.188) (0.231) (0.175) (0.232)
NBFI 0.380 0.218 0.226 0.096 0.097 0.242 0.065 0.249
(0.569) (0.579) (0.559) (0.553) (0.159) (0.184) (0.158) (0.185)
NGO 0.181 0.190 0.299 0.322 −0.042 0.604∗∗∗ 0.054 0.610∗∗∗










Observations 105 105 105 105 105 984 105 984
Pseudo R2 0.337 0.278 0.178 0.136
Variables are defined in Table 1.
Standard errors in parentheses: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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profit function of an MFI as a theoretical base for the hypothesized state-
ments, we consider the linkage between the social performance of an MFI
and its introduction of digital solutions. We also investigate the role of an
MFIs profitability, measured by return on equity, in the digitization of the
microfinance industry. Additionally, the level of economic development of
a specific country can have an influence on the digital transformation of an
MFI. The results from the Yapu Solutions survey and the probit regression
technique are utilized to test our hypotheses. Our regression results provide
no supportive evidence for a mission drift of MFIs which has been the main
concern in microfinance research. The major theoretical implication, there-
fore, is that the digitization process can help to avoid a trade-off between the
social and financial performance of the MFIs. In other words, the adoption
of digital solutions of MFIs can prevent a distraction of MFIs from their
social objectives and a too strong focus on the financial performance. The
first effect can be seen through the positive relationship between the adop-
tion of digital tools and the social performance of MFIs. In particular, the
number of female borrowers and the real yield on gross loan portfolio mani-
fest a significant correlation with the integration of digital tools. Although
our findings regarding the profitability of MFIs support the argument that
performing digital solutions is a costly process that poses a need for financial
sustainability, it does not appear to foster an increase in the lending rate in
order to finance the digital transformation process.
As a practical implication, our findings can be used in the decision-making
process of donors, investors, policymakers and other MFI’s stakeholders who
are concerned about the social impacts of MFIs. To put it differently, these
actors could support the digital transformation within the MFIs, especially
in social-oriented institutions, if they wish to stimulate social goals such as
womens economic empowerment. In addition, these results have implications
for a bank’s managerial decision with regard to social performance and digital
finance. A further practical implication is that supportive policies and regu-
lations which aim at reducing the financial burden of the digital integration
process for the MFIs appear to be critical. Subsequently, the MFIs may then
have more capacity to expand their digital financial services. Furthermore,
our analysis places a new emphasis on the positive relationship between the
stage of economic growth and an MFIs engagement in digital solutions. The
implementation of digital tools may require a more supportive infrastructure
and better legal systems. Practically, this result suggests that it is especially
32
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promising to boost digital finance in less developed regions.
As our article provides one of the very first insights into the decision of
integrating digital solutions into the core business and service delivery of
MFIs, we hope that future research will dedicate more efforts to stimulating
and supporting the eradication of poverty and financial inclusion through the
evolvement of microfinance digitization. To add to this, potential research
should employ panel data to account for the continuing impact of digital
evolution and the increasing change in the microfinance sector. This will
overcome our limitation of cross-sectional data. Since we are only able to
consider the influence from the supply-side, the demand-side drivers should
also be taken into account, because striving for better outreach to customers
remains one of the key pillars in the performance of MFIs.
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A Rural lending and IT solutions survey
Here we display those original questions and answer options of the employed
questionnaire that are related to the variable Digital solutions.
Digital solutions
”By digital solutions we mean any software support that contributes to dig-
italise the processes and/or activities of your financial institution: collection
of client’s information, credit assessment, credit management, monitoring,
reporting, etc. Examples are dedicated software solutions for desktop com-
puters, Apps for tablets or smartphones, etc.
. . .
Does your institution use any digital support solutions for data collection,
analysis, reporting on lending activities? (multiple answers are possible)
• No
• Yes, desktop: excel
• Yes, specialized desktop software (not excel)
• Yes, software/App. for tablets or smartphone in the field
• Yes, tablets in the field
• Yes, smart phones in the field
• Other (please specify)”
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